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IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 
Applicant : F. LEHMANN et al. 

Appl.No: 09/856,474 

(U.S. National Phase of PCT/EP99/09465) 

I.A.Filed: December 3, 1999 

For • HARDENABLE MATERIALS WHICH CONTAIN URETDIONE GROUPS, 
METHOD FOR THE PRODUCTION AND PROCESSING THEREOF, 
AND THEIR UTILIZATION 

PRELIMINARY AMENDMENT AND COVER LETTER 
SUBMITTING AMENDED PAGES OF APPLICATION 

Commissioner of Patents and Trademarks 
Washington, D.C. 20231 

Sir: 

Applicants submit herewith another copy of the International Preliminary Examination 
Report and its Annex, which was previously submitted when entering the national stage on June 
8, 2001, accompanied by an English Translation of the Annex. 

In particular, Applicants submit herewith an English translation including replacement 
sheets 12-16 containing claims 1-23 which are an English translation of replacement pages of 
claims 1-5 included as an Annex to the International Preliminary Examination Report. 
Applicants respectfully point out that replacement pages 12-16 contain claims 1-23 upon which 
the International Preliminary Examination Report is based, and replaces claims 1-24 of the 

originally filed application. 

Based on the above. Applicants respectfully request examination on the merits of the 
literal English application containing substitute pages 12-16. 
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Additionally, prior to the examination of the above-identified modified application, entry 
of the following amendment of replacement pages 12-16 is request, so as to remove multiple 
dependent claims and to add the second claim 13 as new claim 24. 

TN THE CLAIMS 

Please amend the claims as follows (a marked-up copy of the claim amendments is 
provided as an attachment to this Amendment): 

9. (Amended) Masses according to claim 1, in which the component (C) 
comprises any desired mixtures of at least one metalorganic catalyst of: 

(a) the general formula 

R^MeX^ 

in which 

Me means metal, 

R means alkyl residue, and 

X means carboxyl residue; and 

(b) the general formula 

R^MeYj 

in which 

Me means metal, 

R means alkyl residue, and 
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Y means alcoholate residue; and 

(c) the general formula 

Z„Me 

in which 

Me means metal, 

Z means acteylacetonate residue, and 

n means 2 or 3; and derivatives thereof; and 

at least one derivative of the metalorganic compounds, 

12. (Amended) Process for the production of hardenable masses containing 
uretdione groups according to claim 1, in which masses containing uretdione groups that 
are not cross-linked are used as original material, which consist of (A) a linear or 
branched bonding agent component having terminal and/or side chain hydroxyl groups 
with a hydroxyl number of 25 to 400 and an average molecular weight of 400 to 20,000, 
which is present in a fluid or viscous form above the reaction or processing temperature, 
with (Al) either the bonding agent component being free of carboxyl groups or (A2) the 
concentration of carboxyl groups being less than the concentration of the active catalyst 
(C) or (A3), in the case of a higher concentration of carboxyl groups in relation to the 
catalyst concentration (C) used, such an amount of reactive agent is added that is 
necessary to block the amount of carboxyl groups in order to reaUze a required 
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concentration of the active catalyst (C), and (B) a polyaddition compound present in a 
fluid or viscous form above the reaction or processing temperature and containing 
uretdione groups and, optionally, free isocyanate groups and based on aliphatic and/or 
cycloaliphatic diisocyanates, and (C) at least one active or reactively activatable Lewis 
acid catalyst, and (D) other catalysts known from urethane chemistry and (E) auxiliary 
materials and additives that are known per se, where D) and E) can be added, these 
original materials are homogenized in solution and/or in melt at the longest until an 
increase in molar mass can be verified, then the solution or melt is quickly cooled to 
below the reaction temperature of the mass and subsequently the hardenable mass can be 
stored and then or subsequently to cooling the further processing of the hardenable mass 
to complete cross-linking is performed, with the temperature being linearly and/or non- 
hnearly increased and/or kept constant at the reaction temperature sufficiently long until 
essentially no more reaction heat can be verified by means of DSC measurements. 

23. (Amended) Use of the masses according to claim 1 for coating heat-resistant 
and thermolabile substi-ates, for masking components, as a tieatable, hardenable coating 
form and as a thermally hardenable molding compound and a thermally hardenable 
surfacer. 
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Please cancel the second claim 13 without prejudice or disclaimer of the subject 
matter recited therein. 

Please add claim 24, as follows: 

24. Process according to claim 12, in which the homogenization of the 
hardenable masses occurs at temperatures less than or equal to 1 10°C, preferably between 
50 and 100°C. 



Entry of the foregoing amendment, upon which the International Preliminary 
Examination Report is based, prior to examination and calculation of the filing fees to remove 
multiple dependent claims and to add the second clam 13 as new claim 24 in the above-identified 
patent application is respectfully requested. 

Should there be any questions, the Examiner is invited to contact the undersigned at the 
below listed number. 



REMARKS 



July 30, 2001 

Greenblum & Bemstein, P.L.C. 
1941 Roland Clarke Place 
Reston,VA 20191 
(703)716-1191 




- 5 - 



P21009A01 

MARKED-UP COPY OF AMENDED CLAIMS 
9. (Amended) Masses according to claim 1, in which the component (C) 
comprises any desired mixtures of [the above-mentioned metalorganic catalysts and 
derivatives according to claims 5 to 8] at least one metalorganic catalvst of: 
(a) the general formula 



in which 

Me means metaL 

R means alkyl residue, and 

X means carboxyl residue: and 

(bXJhe^gmemlJQnni^ 



R.MeYo 



in which 
Me means metal 
R means alkyl residue, and 
Y means alcoholate residue: and 
(c) the general formula 

in which 



-n= 
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Me means metaL 

Z means acteylacetonate residue, and 

n means 2 or 3: and derivatives thereof: and 

at least one derivative of the metalorganic compounds . 

12. (Amended) Process for the production of hardenable masses containing uretdione 
groups according to [at least one of claims 1 to 1 1] claim L in which masses containing 
uretdione groups that are not cross-linked are used as original material, which consist of (A) a 
linear or branched bonding agent component having terminal and/or side chain hydroxyl groups 
with a hydroxyl number of 25 to 400 and an average molecular weight of 400 to 20,000, which is 
present in a fluid or viscous form above the reaction or processing temperature, with (Al) either 
the bonding agent component being jfree of carboxyl groups or (A2) the concentration of carboxyl 
groups being less than the concentration of the active catalyst (C) or (A3), in the case of a higher 
concentration of carboxyl groups in relation to the catalyst concentration (C) used, such an 
amount of reactive agent is added that is necessary to block the amount of carboxyl groups in 
order to realize a required concentration of the active catalyst (C), and (B) a polyaddition 
compound present in a fluid or viscous form above the reaction or processing temperature and 
containing uretdione groups and, optionally, free isocyanate groups and based on aliphatic and/or 
cycloaliphatic diisocyanates, and (C) at least one active or reactively activatable Lewis acid 
catalyst, and (D) other catalysts known from urethane chemistry and (E) auxiliary materials and 
additives that are known per se, where D) and E) can be added, these original materials are 
homogenized in solution and/or in melt at the longest until an increase in molar mass can be 
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verified, then the solution or melt is quickly cooled to below the reaction temperature of the mass 
and subsequently the hardenable mass can be stored and then or subsequently to cooling the 
further processing of the hardenable mass to complete cross-linking is performed, with the 
temperature being linearly and/or non-linearly increased and/or kept constant at the reaction 
temperature sufficiently long until essentially no more reaction heat can be verified by means of 
DSC measurements. 

23. (Amended) Use of the masses according to [claims 1 to 8] claim 1 for coating heat- 
resistant and thermolabile substrates, for masking components, as a treatable, hardenable coating 
form and as a thermally hardenable molding compound and a thermally hardenable surfacer. 
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Attachment 1 

Modified claims for PCT/EP99/09465 
Claims 

1. Hardenable masses containing uretdione groups containing (A) a 
linear or branched bonding agent component having terminal and/or side chain 
hydroxyl groups with a hydroxyl number of 25 to 400 and an average molecular 
weight of 400 to 20,000, which is present in a fluid or viscous from above the 
reaction or processing temperature, with (Al) either the bonding agent component 
being free of carboxyl groups or (A2) the concentration of carboxyl groups being 
less than the concentration of the active catalyst (C) or (A3), in the case of a higher 
concentration of carboxyl groups in relation to the catalyst concentration (C) used, 
such an amount of reactive agent is added that is necessary to block the amount of 
carboxyl groups in order to reaUze a required concentration of the active catalyst 
(C), and (B) a polyaddition compound present in a fluid or viscous form above the 
reaction or processing temperature and containing uretdione groups and, 
optionally, free isocyanate groups and based on aliphatic and/or cycloaliphatic 
diisocyanates, and (C) at least one active or reactively activatable Lewis acid 
catalyst, 

where (CI), in the case of (Al) and (A2), the use of Lewis acid carboxylates 
as catalysts is excluded and with (C2), in the case of (A3), Lewis acid 
carboxylates also being included that are or may be reactivated by means of 
alkylating agents to carbonic acid esters and while forming Lewis acid 
alcoholates 

and (D) other catalysts known from urethane chemistry and (E) auxihary materials 
and additives that are known per se, where D) and E) can be added. 

2. Masses according to claim 1 , in which the component A) comprises 
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a polymer compound having hydroxyl groups such as, for example, polyacrylates, 
polyethers, polyesters, and oHgo- and/or polyepoxides. 

3 . Masses according to claim 1 , in which the component B) comprises 
a polyaddition compound based on isophorone diisocyanate and/or hexamethylene 
diisocyanate having uretdione groups and optionally free isocyanate groups. 

4. Masses according to claim 1 , in which the reactive agent is an epoxy 
compound and/or an oxazoline compound, 

5 . Masses according to claim 1 , in which the component C) comprises 
at least one metalorganic catalyst of the general formula 

RjMeX^ 

in which 

Me means metal, 

R means alkyl residue, and 

X means carboxyl residue. 

6. Masses according to claim 1 , in which the component C) comprises 
at least one metalorganic catalyst of the general formula 

R^MeY^ 

in which 

Me means metal, 

R means alkyl residue, and 

Y means alcoholate residue. 

7. Hardenable masses according to claim 1, characterized in that the 
component C) comprises at least one metalorganic catalyst of the general formula 
Z,Me 

in which 

Me means metal, 

Z means acteylacetonate residue, and 
n means 2 or 3. 
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8 . Masses according to claim 1 , in which the component C) comprises 
at least one derivative of the metalorganic catalyst according to claims 5 to 7. 

9. Masses according to claim 1 , in which the component (C) comprises 
any desired mixtures of the above-mentioned metalorganic catalysts and 
derivatives according to claims 5 to 8. 

1 0. Masses according to claim 1 , in which the component D) comprises 
nucleophillic substances. 

11. Masses according to claim 1, in which the component A) has a 
hydroxyl number of 25 to 200 and an average molecular weight of 1,000 to 
10,000. 

12. Process for the production of hardenable masses containing 
uretdione groups according to at least one of claims 1 to 11, in which masses 
containing uretdione groups that are not cross-linked are used as original material, 
which consist of (A) a linear or branched bonding agent component having 
terminal and/or side chain hydroxyl groups with a hydroxyl number of 25 to 400 
and an average molecular weight of 400 to 20,000, which is present in a fluid or 
viscous form above the reaction or processing temperature, with (Al) either the 
bonding agent component being free of carboxyl groups or (A2) the concentration 
of carboxyl groups being less than the concentration of the active catalyst (C) or 
(A3), in the case of a higher concentration of carboxyl groups in relation to the 
catalyst concentration (C) used, such an amount of reactive agent is added that is 
necessary to block the amount of carboxyl groups in order to realize a required 
concentration of the active catalyst (C), and (B) a polyaddition compound present 
in a fluid or viscous form above the reaction or processing temperature and 
containing uretdione groups and, optionally, free isocyanate groups and based on 
aliphatic and/or cycloaliphatic diisocyanates, and (C) at least one active or 
reactively activatable Lewis acid catalyst, and (D) other catalysts known from 
urethane chemistry and (E) auxiliary materials and additives that are known per se, 
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where D) and E) can be added, these original materials are homogenized in 
solution and/or in melt at the longest until an increase in molar mass can be 
verified, then the solution or melt is quickly cooled to below the reaction 
temperature of the mass and subsequently the hardenable mass can be stored and 
then or subsequently to cooling the further processing of the hardenable mass to 
complete cross-linking is performed, with the temperature being linearly and/or 
non-linearly increased and/or kept constant at the reaction temperature sufficiently 
long until essentially no more reaction heat can be verified by means of DSC 
measurements. 

13. Process according to claim 12 in which the homogenization of the 
hardenable masses in the melt takes place in a laboratory kneader or in a co- 
kneader and/or an extruder. 

13. Process according to claim 12, in which the homogenization of the 
hardenable masses occurs at temperatures less than or equal to I10°C, preferably 
between 50 and lOO^C. 

14. Process according to claim 12, in which the homogenization of the 
hardenable mass is performed for up to 30 min. 

15. Process according to claim 12, in which the cooling below the 
reaction temperature occurs after the homogenization of the hardenable masses by 
insertion of the melt into liquid nitrogen or by applying it to a cooling belt. 

16. Process according to claim 12, in which at least one of the 
components (A) to (E), preferably (A) and (B), is used in a fluid form. 

17. Process according to claim 1 2, in which the temperature is increased 
linearly and/or non-linearly in a range of preferably 20 K above the 
homogenization temperature up to a maximum of IPO^'C, preferably up to 160°C, 

18. Process according to claim 12, in which the addition of the catalyst 
or catalyst mixture as a batch is performed after the homogenization of the 
components A, B, C, and E at reduced temperatures. 
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19. Process according to claim 12, in which the homogenization of the 
hardenable masses occurs in a melt. 

20. Process according to claim 12, in which the homogenization of the 
hardenable masses is performed in one or more stages in a melt, with the catalyst 
being added at lower temperatures in the case of single-stage homogenization and, 
in the case of multi-stage homogenization, is not added until the second stage at 
lower temperatures. 

2 1 . Process according to claim 12, in which the temperature is increased 
in stages and the temperature is kept constant after every increasing step for a time 
period of 1 to 60 minutes, more advantageously 5 to 30 minutes. 

22. Process according to claim 12, in which the temperature is increased 
in two stages, with the second increase in temperature being performed 
immediately thereafter or temporally later. 

23. Use of the masses according to claims 1 to 8 for coating heat- 
resistant and thermolabile substrates, for masking components, as a treatable, 
hardenable coating form and as a thermally hardenable molding compound and a 
thermally hardenable surfacer. 
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language Patent Application No. PCT/EP99/09465, filed December 3, 1999. 
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HARDENABLE MASSES CONTAINING URETDIONE GROUPS AND 



A PROCESS FOR THEIR PRODUCTION AND PROCESSING AS 



WELL AS THEIR USE 



[0001] The invention relates to the field of chemistry and concerns 
hardenable masses, such as are used, for example, for the production of coatings, 
and a process for their production and processing. 

[0002] The blocking of isocyanates by means of dimerization to uretdiones 

is an effective method of protecting isocyanate groups from premature reaction. 
The coating of heat-resistant substrates, in particular with powder coatings, is an 
important area of application for hardeners containing uretdione groups. 
[0003] Powder coatings are free of solvents and, as a result, are free of 

harmful emissions to a large extent and they have a very high coating equivalent. 
Thus, powder coating is a very environmentally friendly and economical coating 
method. 

[0004] Polyurethane-based coatings especially distinguish themselves with 

special light and weather resistance and excellent optical characteristics. The 
polyurethane powder coatings used today in practice are based on polyesters 
carrying fixed hydroxyl groups as well as fixed aliphatic and/or cycloaliphatic 
polyisocyanates whose isocyanate fimctions are protected by external, low- 
molecular masking agents. These masking agents escape at least partially during 
the thermal hardening of the powder coating. These emissions run contrary to the 
principle of a lack of emissions in powder coating formulations and, for reasons 
of ecology and workplace hygiene, require special provisions. 
[0005] By using cross linkers containing uretdione groups (e.g., DE 23 12 

391 OS, EP 045 998 Al, EP 669 353 Al), the possibility exists of avoiding such 
emissions of low-molecular substances. Due to the low level of reactivity of the 
internally blocked isocyanate groups, the use of corresponding hardeners 
containing uretdione groups has been limited up to the present day because the 
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temperatures necessary for hardening greater than 160°C are too high and/or the 
time necessary for hardening is too long. In view of the costs of energy and the 
possibihty of coating thermolabile substrates (e.g., plastic or wood)^ it is necessary 
to increase the reactivity of such systems. 

[0006] Various attempts have been made to accelerate the hardening of 
polyurethane masses based on hardeners containing uretdione groups by using 
catalysts. A series of compounds has been suggested, such as the known 
metalorganic catalysts known from polyurethane chemistry such as tin (II) acetate, 
tin (II) octoate, tin (II) ethyl caproate, tin (II) laurate, dibutyltin diacetate, 
dibutyltin dilaureate, dibutyltin maleate (e.g., EP 045 994 Al, EP 045 998 Al, WO 
91/07452, or DE 24 20 475), iron (III) chloride, zinc chloride, zinc 2 ethyl 
caproate, and molybdenum glykolate or tertiary amines such as triethylamine, 
pyridine, methylpyridine, benzyl dimethylamine, N,N endo ethylenepiperazine, N 
methylpiperidine, pentamethyldi ethylene triamine, N,N 
dimethylaminocyclohexane, andN,N' dimethylpiperazine (e.g.,nEP 639 598 Al). 
[0007] Generally, organic tin compounds of the type mentioned are used in 

practice. The increases in reactivity that can be achieved by means of these 
catalysts do not yet meet the requirements of masses hardening at low 
temperatures. 

[0008] In EP 803 524 Al, compounds containing N,N' trisubstituted 

amidines as breakdown catalysts are described. The object of this prior art is a 
polyurethane powder coating that contains a bonding agent component having 
hydroxyl groups, a polyaddition compound having uretdione groups and, 
optionally, free isocyanate groups based on aliphatic and/or cycloaliphatic 
diisocyanates, at least one N,N,N' trisubstituted catalyst containing amidine 
structures with an amidine group content (calculated as CN2; molecular weight = 
40) of 12.0 to 47.0 wt-%, optionally other catalysts known from polyurethane 
chemistry, and optionally other auxiliary agents and additives known from powder 
coating technology. The bonding agent components having hydroxyl groups are 
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added to the powder coating in such amounts that 0.6 to 1 .4, preferably 0.8 to 1 .2 
isocyanategroups of the uretdione groups and optionally polyaddition compounds 
having free isocyanate groups occur on each hydroxyl group of the bonding agent 
component, with isocyanate groups being understood as the total of isocyanate 
groups present in dimeric form and free isocyanate groups. In the publication, 
possible hardening temperatures of 130° C and up are mentioned. However, it can 
be seen in the exemplary embodiments that, at hardening temperatures up to 
170°C, coatings of a high degree of quality are not achieved. 
[0009] The object of the present invention is to provide masses containing 

uretdione groups with a high reactivity that harden at lower temperatures in the 
same amount of time or at the same temperature in a considerably shorter amount 
of time than the masses containing uretdione groups known up to now. 
[0010] The object is attained by means of the invention in accordance with 

claims 1 and 11. Further developments are the object of the subclaims. 
[0011] It was possible to attain this object by providing the masses 

according to the invention. The masses according to the invention are based on 
the fact that, under the conditions according to the invention, Lewis acid catalysts, 
in particular metalorganic compounds, accelerate the transformation of uretdione 
groups with hydroxyl groups so strongly that, with their help and using the known 
uretdione hardeners, masses can be produced that already harden at comparatively 
low temperatures in the same amount of time or at the same temperatures in a 
considerably shorter period of time than the masses containing uretdione hardeners 
that have been known up to now. 

[0012] The invention relates to masses containing uretdione groups that are 

hardenable at low temperatures containing A) a bonding agent component having 
hydroxyl groups, B) a polyaddition compound having uretdione groups and 
optionally free isocyanate groups as a cross-linker, C) at least one active or 
reactively activatable Lewis acid catalyst, optionally D) further catalysts known 
from polyurethane chemistry, and optionally E) auxiliary agents and additives that 
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are known per se, provided that (Al) the bonding agent component is free of 
carboxyl groups or (A2) the concentration of carboxyl groups is less than the 
concentration of active catalyst (C) or (A3) in the case of a higher concentration 
of carboxyl groups with regard to the concentration of the catalyst (C) used such 
an amount of reactive agent such as, for example, epoxy compound or oxazoline 
is added that is necessary for blocking the amount of carboxyl groups for 
achieving the required concentration of the active catalyst (C). 
[0013] The object of the invention is also the use of the masses for coating 
of heat-resistant and thermolabile substrates, for masking of components, as a 
treatable, hardenable molding compound, and as a thermally hardenable surfacer. 
[0014] The component A) contained in the mass according to the invention 
is a bonding agent having any unspecified hydroxyl group with a hydroxyl number 
of 25 to 400, preferably 25 to 200 and an average molecular weight of 400 to 
20,000, preferably 1,000 to 10,000, which is present above the reaction or 
treatment temperature in a liquid or viscous form. Such bonding agents are, for 
example, polyesters, polyacrylates, polyethers, or polyurethanes containing 
hydroxyl groups, as well as any unspecified mixtures of such resins. 
[0015] The component B) contained in the mass according to the invention 

is a polyaddition compound that is present in a liquid or viscous form above the 
reaction or treatment temperature that contains uretdion groups and, optionally, 
free isocyanate groups based on aliphatic and/or cycloaliphatic diisocyanates, in 
particular those based on 1 ,6-hexamethylene diisocyanate (HDI), 1 -isocyanato- 
3,3,5-trimethyl-5-isocyanatomethylcyclohexane (IPDI), 4,4'- 
diisocyanatodicyclohexylmethane, 1,3 diisocyanato-2(4)-methylcyclohexane, or 
any unspecified mixture of these diisocyanates, with HDI and IPDI being 
preferred. 

[0016] The component B) is used in the masses according to the invention 

in such amounts that, on every hydroxyl group of the bonding agent component 
A), 0.8 to 2.4, preferably 0.9 to 2.2 isocyanate groups of the component B) occur; 
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isocyanate groups of component B) is to be understood as the sum of isocyanate 
groups present in dimeric form as uretdion groups and free isocyanate groups. 
[0017] In order to accelerate hardening, the masses according to the 

invention contain Lewis acid catalysts C), preferably metalorganic compounds 
such as, for example, of the tin and/or zinc and/or cadmium and/or iron and/or 
manganese and/or molybdenum and/or aluminum and/or cobah and/or zirconium 
type in the absence or presence of tertiary amine and/or present or reactively 
forming ammonium and/or N,N,N' trisubstituted amidine and/or present or 
reactively forming phosphonium and/or imidazole and/or epoxy compounds for 
activating or increasing the effects of the catalyst. 

[0018] Catalysts C) that may be used are metalorganic compounds of the 

general formula 

R2MeX2 

in which 

Me means metal, 

R means alkyl residue, and 

X means carboxyl residue 

as well as metalorganic compounds of the general formula 

R2MeY2 

in which 

Me means metal, 

R means alkyl residue, and 

Y means alcoholate residue 

as well as metalorganic compounds of the general formula 

Z^Me 

in which 

Me means metal, 

Z means acteylacetonate residue, and 
n = 2 or 3, 
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or any unspecified mixtures of such metalorganic catalysts. 
[0019] Catalysts C) that may be used are also derivatives of the above- 
mentioned compounds from consecutive reactions such as, for example, hydrolysis 
and decomposition products or any unspecified mixtures of these derivatives or 
any unspecified mixtures of the above-mentioned catalysts with these derivatives. 
[0020] The catalysts C) are used in the masses according to the invention 

in an amount of 0.01 to 5.0 wt-%, preferably 0.1 to 3.0 wt-%, in relation to the 
total amount of components A) to D). 

[0021] Optionally, compounds known from polyurethane chemistry may 

also be used in the masses according to the invention as fiirther catalysts D). 
[0022] Optionally, masses according to the invention can contain auxiliary 

materials and additives (E) that are known per se, such as flow improvers, light 
screening agents, UV absorbers, pigments, or color stabilizers, for example. 
[0023] The homogenization of the individual components of the mass 
occurs by means of mixing the components in melts, preferably in a laboratory 
kneader, co-kneader, or extruder. The temperature and/or mixing time and/or 
revolutions per minute are adjusted such that, during homogenization, essentially 
no branching or polymer formation reactions occur yet. First, for example, a 
melting of component A occurs in the laboratory kneader. Then the addition of 
components B and E occurs successively. Finally, the dosage of the catalyst C or 
catalyst mixture C and D occurs, preferably as a batch. For the homogenization 
in a co-kneader or in an extruder, for example, all components are thoroughly 
mixed and subsequently homogenized in the co-kneader or extruder. The 
homogenization of the components occurs at mass temperatures between 50 and 
110°C, preferably between 70 and 100°C and lasts up to 30 min. In order to 
achieve an optimal intermixing, a dual extrusion in the co-kneader or extmder may 
be advantageous; here, the component C may optionally also not be added until 
during the second extrusion step. 

[0024] The homogenized mass is subsequently solidified by means of quick 



P21009.S02 7 

cooling. This occurs by means of applying the melt to a cooling belt or insertion 
in liquid nitrogen. The solidified mass is broken and crushed or, in the case of 
powder coatings, subsequently ground into powder using a classifier mill with a 
particle size of < 90 fim. 

[0025] The homogenization of the components can also occur in solution. 

Here, the homogenization temperature lies above room temperature and essentially 
does not exceed 1 lO^'C. Advantageously, at least one of the components (A-E), 
preferably A and/or B, is present in a fluid form in which at least one of the other 
components may be dissolved. The homogenized mass is subsequently cooled to 
temperatures of at least 20 K below the mixing temperature by means of 
quenching and can then be stored until it is treated. 

[0026] Highly reactive, thermally hardenable systems may be produced in 

which the reactive components including catalysts and, optionally, other additives 
depending on the application are homogenized, for example, by means of melting 
extrusion and subsequently crushed and/or pulverized and have a sufficiently high 
storage stability. 

[0027] In the further processing of the masses according to the invention for 

coating, the powder coating formulas produced in this manner can be applied to 
the substrates to be coated using conventional coating processes such as, for 
example, electrostatic powder spraying or fluid-bed coating. The hardening of the 
coatings occurs by means of heating to temperatures of 1 10 to 200 ""C, preferably 
to temperatures of 120 to 180° C until a complete cross-linking is achieved and no 
more reaction heat can be detected using DSC measurements. Here, the increase 
in temperature occurs linearly and/or nonlinearly and/or the temperature is kept 
constant at the reaction temperature. At higher temperatures that correspond to the 
hardening temperatures of the prior art, hardening occurs in a significantly shorter 
time. On the other hand, the hardening can be achieved according to the invention 
at significantly lower temperatures. The hardening of the hardenable masses can 
be performed, for example, in two or more subsequent or temporally separated 
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hardening stages at the same or different hardening temperatures. 
[0028] After the partial cross-hnking of the hardenable masses or, for 
example, a layer in the first hardening stage, the hardening optionally occurs after 
treatment in the second hardening stage. During hardening, for example, a 
chemical coupling of masses or layers in the border surface of the hardenable 
masses or coatings is possible. 

[0029] The first reaction stage is performed at relatively low temperatures, 

preferably < 160'^C. If the amount of the catalyst (C) used is reduced, the 
temperature for the first reaction stage must be increased and/or the reaction time 
must be prolonged. The second reaction stage is performed at least at the same 
reaction temperatures with a considerably longer reaction time or preferably at 
higher temperatures than the first reaction stage in a shorter time until complete 
hardening. 

[0030] Any unspecified heat-resistant substrates such as, for example, glass 

or metals, but also thermolabile substrates such as plastics or wood may be coated 
according to the invention. 

[0031] By using the catalysts according to the invention under the 
conditions described, the conversion of the hardeners containing uretdione groups 
with bonding agent components containing hydroxyl groups at comparatively low 
temperatures is possible. 

[0032] If the carboxyl group content of the bonding agent component B) 

equal to or greater than the content of the catalyst C), it is possible to block a 
sufficient amount of carboxyl groups by adding, for example, epoxy compounds, 
such that a catalytically effective concentration of the active catalyst C) occurs. 
[0033] While the use of dialkyltin carboxylates as catalysts for the cross- 

linking of bonding agents containing hydroxyl groups with hardeners containing 
uretdione groups is known according to the prior art, no catalyst activity of the 
metalorganic compounds described on the conversion of the uretdione fimction 
can be discerned under the conditions described. The hardening temperatures of 



P21009.S02 9 

the masses containing uretdione groups described in the prior art, which have been 
decreased in comparison to uncatalyzed masses, can rather be attributed to an 
acceleration of the conversion of the isocyanate groups with hydroxyl groups that 
have been thermally recovered from the uretdione rings. 

[0034] The invention will be described in greater detail below with 

reference to exemplary embodiments. 

[0035] Example 1 shows the prior art in the form of an uncatalyzed 

composition. 

[0036] Examples 

[0036] The compounds (A) and (B) are homogenized in a laboratory 

kneader. The temperature of the kneader chamber is adjusted such that the mass 
temperature does not substantially exceed 90 °C. The compounds (E), (D), and (C) 
are then added to this mass in succession. 

[0037] The compositions of the exemplary mixtures are provided in Table 

1. The characteristics of the components used are provided in Table 2. 
[0038] The homogenized masses are cooled quickly by insertion in liquid 

nitrogen. The quickly cooled masses are crushed in a laboratory mill while being 
cooled and dried at 30*" C in a vacuum. The characterization of the samples occurs 
by means of differential scanning calorimetry (DSC). The tests occur dynamically 
in a temperature range of 40 to 260 ""C at a heating speed of 10 K/min. The results 
are provided in Table 3. 



[0039] Table 1: Composition of the Exemplary Mixtures* 



Components/Example 


1 


2 


3 


4 


5 


6 


7 


8 


(A) 

Hydroxyl-terminated polyester 


75.7 


75.7 


75.7 


75.7 


75.7 


75.7 




75.7 


(Al) 

Hydroxyl-terminated polycaprolacton 














76.7 




(A3) 

Triglycidyl isocyanurate 


2.9 


2.9 


2.9 


2.9 


2.9 
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(B) 

Polyaddition compound containing 
uretdione groups 


24.3 


24.3 


24.3 


24.3 


24.3 


24.3 


24.3 


24,3 


(C) 

Dibutyltin dilaurate 




1.0 














(C) 

Dibutyltin dibutylate 






1.0 












(C) 

Zinc acetyl acetonate 








1,0 


LO 


1.0 


1.0 


3.0 


(D) 

Benzyltrimethylammonium chloride 










1.0 


LO 






(E) 

Acronal 4F 












0.6 






(E) 

White pigment 












0.6 







* all amounts are in wt-%. 



[0039] Table 2: Characteristics of the Components Used in the Examples 



Component 


Hydroxyl 
number 


Carboxyl 
number 


Isocyanate 
equivalent 




Hydroxyl-terminated polyester 


30 


^5 




56 


Hydroxyl-terminated 
polycaprolacton 


56 


<0.1 




40-50 


Triglycidyl isocyanurate 








98 


Polyaddition compound 
containing uretdione groups 






310 


54 



Table 3: Results of the Thermal Tests (dynamic) 



Sample Number 


1 


2 


3 


4 


5 


6 


7 


8 


Beginning of the reaction 

Tonset ( ^) 


184.2 


144.0 


134.9 


131.0 


128.2 


123.6 


122.4 


119.1 


Reaction maximum 


21L8 


164.6 


160.3 


145.3 


145.2 


141.6 


139.4 


141.8 
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Table 4: Results of the Thermal Tests (isothermic) 



Example 


1 


2 


3 


4 


5 


Reaction temperature in °C 


150 


150 


150 


130 


130 


Reaction time (min) until the most 
complete possible cross-linkage 




17 


16 


12 


12 



*) No appreciable cross-linkage noted. 



a 
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1 . Hardenable masses containing uretdione groups containing (A) a linear or 
branched bonding agent component having terminal and/or side chain hydroxyl 
groups with a hydroxyl number of 25 to 400 and an average molecular weight of 
400 to 20,000, which is present in a fluid or viscous from above the reaction or 
processing temperature, with (Al) either the bonding agent component being free 
of carboxyl groups or (A2) the concentration of carboxyl groups being less than 
the concentration of the active catalyst (C) or (A3), in the case of a higher 
concentration of carboxyl groups in relation to the catalyst concentration (C) used, 
such an amount of reactive agent is added that is necessary to block the amount of 
carboxyl groups in order to reaUze a required concentration of the active catalyst 
(C), and (B) a polyaddition compound present in a fluid or viscous form above the 
reaction or processing temperature and contains uretdione groups and, optionally, 
free isocyanate groups and based on aliphatic and/or cycloaliphatic diisocyanates, 
and (C) at least one active or reactively activatable Lewis acid catalyst and (D) 
other catalysts known from urethane chemistry and (E) auxiliary materials and 
additives that are known per se, where D) and E) can be added. 

2. Masses according to claim 1, in which the component (A) comprises a 
polymer compound having hydroxyl groups such as, for example, polyacrylates, 
polyethers, polyesters, and oligo- and/or polyepoxides. 

3. Masses according to claim 1, in which the component (B) comprises a 
polyaddition compound based on isophorone diisocyanate and/or hexamethylene 
diisocyanate having uretdione groups and optionally free isocyanate groups. 

4. Masses according to claim 1, in which the reactive agent is an epoxy 
compound and/or an oxazoline compound. 

5. Masses according to claim 1, in which the component (C) comprises at least 
one metalorganic catalyst of the general formula 

R2MeX2 
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in which 

Me means metal, 

R means alkyl residue, and 

X means carboxyl residue. 

6. Masses according to claim 1 , in which the component (C) comprises at least 
one metalorganic catalyst of the general formula 

R2MeY2 

in which 

Me means metal, 

R means alkyl residue, and 

Y means alcoholate residue. 

7. Hardenable masses according to claim 1, characterized in that the 
component (C) comprises at least one metalorganic catalyst of the general formula 
Z,Me 

in which 

Me means metal, 

Z means acteylacetonate residue, and 
n means 2 or 3. 

8. Masses according to claim 1 , in which the component (C) comprises at least 
one derivative of a metalorganic catalyst according to claims 5 to 7. 

9. Masses according to claim 1, in which the component (C) comprises any 
unspecified mixtures of the above-mentioned metalorganic catalysts and 
derivatives according to claims 5 to 8, 

10. Masses according to claim 1, in which the component (D) comprises 
nucleophillic substances. 

1 1 . Masses according to claim 1 , in which the component (A) has a hydroxyl 
number of 25 to 200 and an average molecular weight of 1,000 to 10,000. 

12. Process for the production of hardenable masses containing uretdione 
groups according to at least one of claims 1 to 1 1, in which masses that are not 
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cross-linked containing uretdione groups are used as original material, which 
consist of (A) a linear or branched bonding agent component having terminal 
and/or side chain hydroxyl groups with a hydroxyl number of 25 to 400 and an 
average molecular weight of 400 to 20,000, which is present in a fluid or viscous 
from above the reaction or processing temperature, with (Al) either the bonding 
agent component being free of carboxyl groups or (A2) the concentration of 
carboxyl groups being less than the concentration of the active catalyst (C) or 
(A3), in the case of a higher concentration of carboxyl groups in relation to the 
catalyst concentration (C) used, such an amount of reactive agent is added that is 
necessary to block the amount of carboxyl groups in order to realize a required 
concentration of the active catalyst (C), and (B) a polyaddition compound present 
in a fluid or viscous form above the reaction or processing temperature and 
contains uretdione groups and, optionally, free isocyanate groups and based on 
aliphatic and/or cycloaliphatic diisocyanates, and (C) at least one active or 
reactively activatable Lewis acid catalyst, and (D) other catalysts known from 
urethane chemistry and (E) auxiliary materials and additives that are known per se, 
where D) and E) can be added, these original materials are homogenized in 
solution and/or in melt at the longest until an increase in molar mass can be 
verified, then the solution or melt is quickly cooled to below the reaction 
temperature of the mass and subsequently the hardenable mass can be stored and 
then or subsequently to cooling the further processing of the hardenable mass to 
complete cross-linking is performed, with the temperature being linearly and/or 
non-linearly increased and/or kept constant at the reaction temperature sufficiently 
long until essentially no more reaction heat can be verified by the use of DSC 
measurements. 

13, Process according to claim 12, in which the homogenization of the 
hardenable masses in the melt takes place in a laboratory kneader or in a co- 
kneader and/or an extruder. 

14. Process according to claim 12, in which the homogenization of the 
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hardenable masses occurs at temperatures less than or equal to 11 OX, preferably 
between 50 and lOO'C. 

15. Process according to claim 12, in which the homogenization of the 
hardenable mass is performed for up to 30 min. 

16. Process according to claim 12, in which the cooling below the reaction 
temperature occurs after the homogenization of the hardenable masses by insertion 
of the melt into liquid nitrogen or by applying it to a cooling beh, 

17. Process according to claim 12, in which at least one of the components (A) 
to (E), preferably (A) and (B), is used in a fluid form, 

18. Process according to claim 12, in which the temperature is increased 
linearly and/or non-linearly in a range of preferably 20 K above the 
homogenization temperature up to 200''C, preferably up to ISO^'C. 

19. Process according to claim 12, in which the addition of the catalyst or 
catalyst mixture (C; D) as a batch is performed after the homogenization of the 
components (A), (B), and (E) at reduced temperatures. 

20. Process according to claim 12, in which the homogenization of the 
hardenable masses occurs in a melt. 

21. Process according to claim 12, in which the homogenization of the 
hardenable masses is performed in one or more stages in a melt, with the catalyst 
being added at lower temperatures in the case of single-stage homogenization and, 
in the case of multi-stage homogenization, is not added until the second stage at 
lower temperatures. 

22. Process according to claim 12, in which the temperature is increased in 
stages and the temperature is kept constant after every increasing step for a time 
period of 1 to 60 minutes, more advantageously 5 to 30 minutes. 

23 . Process according to claim 1 2, in which the temperature is increased in two 
stages, with the second increase in temperature being performed immediately after 
the first stage or temporally later. 

24. Use of the masses according to claims 1 to 1 1 for coating heat-resistant and 
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thermolabile substrates, for masking components, as a treatable, hardenable 
molding compound and a thermally hardenable surfacer. 
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ABSTRACT 



The invention is used in the fields of chemistry and relates to hardenable 
materials which can be used for producing lacquers. The aim of the invention is 
to provide materials which harden at low temperatures in the same amoimt of time 
as the others. This is achieved by using hardenable materials containing uretdione 
groups and containing (A) a binding agent constituent, whereby this component 
either (Al) does not contain carboxyl groups, or (A2) the concentration of 
carboxyl groups is less than that of the catalyst (C) or (A3) in the case of a high 
level of concentration, a quantity of a reactive agent is added. The hardenable 
materials also contain (B) a polyaddition compound which comprises uretdione 
groups, and (C) at least one Lewis acid catalyst. The aim of the invention is also 
achieved using a method for producing materials of this type in which the starting 
materials are homogenized in a solution and/or in a melt, the solution and/or melt 
is then rapidly cooled, and the subsequent processing is carried out afterwards to 
effect a complete cross-linking. 
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Als nachstehend benannter Erfmder erklare ich hiermit an Eides As a below named inventor, I hereby declare that^ 

Statt: 



daB mein Wohnsitz, meine Postanschrifl und meine Staats- 
angehorigkeit den im nachstehenden nach meinem Namen 
aufgefiihrten Angaben entsprechen, daB ich nach bestem Wissen der 
ursprungliche, erste und alleinige Erfmder (falls nachstehend nur ein 
Name angegeben ist) oder ein urspriinglicher, erster und Miterfmder 
(falls nachstehend mehrere Namen aufgefiihrt sind) des 
Gegenstandes bin, fur den dieser Antrag gestellt wird und fur den 
ein Patent fur die Erfmdung mit folgendem Titel beantragt wird: 
HARTBARE URETDIQNGRUPPENHALTIGE MASSEN UND 

EIN VERFAHREN ZU IHRER HERSTELLUNG UND 

VERARBEITUNG SOWIE IHRE VERWENDUNG 

deren Beschreibung hier beigefiigt ist, es sei denn (in diesem Falle 
Zutreffendes bitte ankreuzen), diese Erfindung 

S fmrde angemeldet am 3 Dezember 1 Q99 

^ijiter der US-Anmeldenummer 09/856.474 

md wurde am abgeandert (falls zutreffend) 

jMer 

Ipiter der PCT intemationaien Anmeldungsnummer 

,r PCT/EP99/Q9465 
^ii|id wurde am 3/March/20Ql abgeandert (falls zutreffend). 

Ich€estatige hiermit, daB ich den Inhalt der oben angegebene Paten- 
tamneldung, einschlieBlich der Anspruche, die eventuell durch einen 
obSerwahnten Zusatzantrag abgeandert wurde, durchgesehen und 
veratoden habe. 

IcK frkenne meine Pflicht zur Offenbarung jeglicher Informationen 
an,|;Se zur Priifung der Patentfahigkeit in Einklang mit Titel 37, 
Coiy of Federal Regulations, § 1.56 von Belang sind. 

Ich beanspruche hiermit auslandische Prioritatsvorteile gemaB Title 
35, US-Code, § 1 19 (a)-(d), bzw. § 365(b) aller unten aufgefiihrten 
Auslandsanmeldungen fur Patente oder Erfinderurkunden, oder § 
365(a) aller PCT intemationaien Aimieldungen, welche wenigstens 
ein Land ausser den Vereingten Staaten von Amerika benennen, und 
habe nachstehend durch ankreuzen samtliche Auslandsanmeldungen 
fur Patente bzw. Erfmderurkunden oder PCT intemationale 
^mmeldungen angegeben, deren Anmeldetag dem der Anmeldung, 
fur welche Prioritat beansprucht wird, vorangeht. 

Prior Foreign Applications 

Fruhere auslandische Anmeldungen 



My residence, post office address and citizenship are as stated 
below next to my name. 

I believe I am the original, first and sole inventor (if only one 
name is listed below) or an original, first and joint inventor (if 
plural names are listed below) of the subject matter which is 
claimed and for which a patent is sought on the invention entitled 

HARDENABLE MATERIALS WHICH CONTAIN 

URETDIQNE GROUPS. METHOD QFR THE PRODUCTION 
AND PROCESSING THEREOF. AND THEIR UTILIZATION 

the specification of which is attached hereto unless the following 
box is checked: 

S was filed o n 3 December 1999 as 

United States Application Number 09/856.474 

and was amended on (if applicable) 

or, 

PCT International Application Number PCT/EP99/Q9465 
and was amended on 3/March/2Q01 (if applicable). 

I hereby state that I have reviewed and understand the contents of 
the above identified specification, including the claims, as 
amended by any amendment referred to above. 



I acknowledge the duty to disclose information which is material 
to patentability as defined in Title 37, Code of Federal 
Regulations, §1.56. 

I hereby claim foreign priority imder Title 35, United States Code 
§ 1 19 (a-d) or §365(b) of any foreign application(s) for patent or 
inventor^s certificate, or §365(a) of any PCT international 
application which designated at least one country other than the 
United States, listed below. I have also identified below, by 
checking the "No" box, any foreign application for patent or 
inventor's certificate, or of any PCT international application 
having a filing date before that of the application on which 
priority is claimed: 



Priority Claimed 
Prioritatsanspruch 



198 56 878.9 GERMANY lO/December/1998 S □ 

(Number) (Country) (Day/MonthA^ear Filed) Yes No 

(Nummer) (Land) (Tag/Monat/Jahr der Anmeldung) Ja Nein 

□ □ 
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(Nummer) (Land) (Tag/Monat/Jahr der Anmeldung) Ja Nein 



□ Zusatzliche einstweilige Anmeldungsnummem sind im 
Prioritatsanhang aufgefiihrt. 



□ Additional foreign application numbers are listed 
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Icli beanspruche hiermit Prioritatsvorteile unter Title 35, US-Code, § 
1 19(e) aller US-Hilfsanmeldungen wie imten aufgezahlt. 



I hereby claim the benefit under Title 35, United States Code 
§1 19(e) of any United States provisional application(s) listed 
below. 



(Application Number) 


(Day/MonthA^ear Filed) 


(Aktenzeichen) 


(Tag/Monat/Jahr der Anmeldung) 


(Application Number) 


(Day/MonthA^ear Filed) 


(Aktenzeichen) 


(Tag/Monat/Jahr der Anmeldung) 


(Application Number) 


(Day/Month/Year Filed) 


(Aktenzeichen) 


(Tag/Monat/Jahr der Anmeldung) 


□ Zusatzliche einstweilige Anmeldungsnummem sind im 


C] Additional provisional application numbers are listed 


erganzenden Prioritatsanhang aufgefiihrt. 


on a supplemental priority sheet attached hereto. 



Ich beanspruche hiermit die mir unter Title 35, US-Code, § 120 
zustehenden Vorteile aller unten aufgefiihrten US-Patentanmeldungen 
bzw. § 365(c) aller PCT intemationalen Anmeldungen, welche die 
Vereinigten Staaten von Amerika benennen, und erkenne, insofem der 
Geg^nstand eines jeden fttiheren Anspruchs dieser Patentanmeidung 
nicifE in einer US-Patentanmeldung, bzw. PCT intemationalen 
Ante^lduQg in in einer gemaiJ dem ersten Absatz von Title 35, US- 
ColiJ, § 1 12 vorgeschriebenen Art und Weise offenbart wurde, meine 
Pfiliit zur Offenbarung jeglicher Informationen an, die zur Priifung der 
Pa|f|tfahigkeit in Einklang mit Title 37, Code of Federal Regulations, § 
1 .5&yon Belang sind und die im Zeitraum zwischen dem Anmeldetag 
dei; ffuheren Patentanmeidung und dem nationalen oder im Rahmen des 
Vergags iiber die Zusammenarbeit auf dem Gebiet des Patentwesen 
(PCf ) giiltigen intemationalen Anmeldetags bekannt geworden sind. 



(Application No.) 
(Aktenzeichen) 



(Application No.) 
(Aktenzeichen) 



(Day/Month/Year Filed) 
(Tag/Monat/Jahr eingereicht) 



(Day/Month/Year Filed) 
(Tag/Monat/Jahr eingereicht) 



n Zusatzliche USA oder Internationale Anmeldungsnummem sind 
- im erganzenden Prioritatsanhang aufgefiihrt. 

Ich erklare heirmit, daB alle in der vorliegenden Erklarung von mir 
gemachte Angaben nach bestem Wissen und Gewissen der Wahrheit 
entsprechen, und femer daB ich diese eidesstattliche Erklarung in 
Kenntnis dessen ablege, daB wissentlich xmd vorsatzlich falsche 
Angaben oder dergleichen gemaB § 1001, Title 18 des US-Code strafbar 
sind und mit Geldstrafe und/oder Gefangnis bestraft werden konnen und 
daB derartige wissentlich und vorsatzlich falsche Angaben die 
Rechtswirksamkeit der vorliegenden Patentanmeidung oder eines 
aufgrund deren erteilten Patentes gefahrden konnen. 

Hiermit bevollmachtgt der Unterzeichnete den hierin genannten 
entweder USA-Anwalt oder Stellvertreter, in der Abwesenheit einer 
direkten Verstandigung zwischen den USA-Anwalt oder Stellvertreter 
und dem Unterzeichneten Anweisungen, die der der Anmeldung 
betreffend dem Patent und Warenzeichen Amt zugestellt werden, von 
entweder seinem auslandischen Patentvertreter oder Stellvertreter der 
Gesellschaft anzunehmen und auszufahren. Sollte sich das Personal 
andem, von dem Anweisungen angenommen werden mogen, dann wird 
der hierin genannte USA-Anwalt oder Stellvertreter entprechend von 
dem Unterzeichneten benachrichtigt. 



I hereby claim the benefit under Title 35, United States Code 
§120 of any United States application(s), or §365(c) of any 
PCT international application designating the United States, 
listed below and, insofar as the subject matter of each of the 
claims of this application is not disclosed in the prior United 
States or PCT international application in the manner 
provided by the first paragraph of Title 35, United States 
Code § 1 12, 1 acknowledge the duty to disclose information 
which is material to patentability as defined in Title 37, Code 
of Federal Regulations §1.56 which became available 
between the filing date of the prior application and the 
national or PCT intemational filing date of this application. 



(Status) 

(patentiert, schwebend, aufgegeben) 
(patented, pending, abandoned) 



(Status) 

(patentiert, schwebend, aufgegeben) 
(patented, pending, abandoned) 

n Additional U.S. or intemational application numbers are 
listed on a supplemental priority sheet attached hereto. 

I hereby declare that all statements made herein of my own 
knowledge are true and that all statements made on 
information and belief are believed to be tme; and further that 
these statements were made with the knowledge that willful 
false statements and the like so made are punishable by fine 
or imprisonment, or both, under Section 1001 of Title 18 of 
the United States Code and that such willful false statements 
may jeopardize the validity of the application or any patent 
issued thereon. 

The undersigned hereby authorizes the U.S. attorney or agent 
named herein to accept and follow instructions from either 
his foreign patent agent or corporate representative, if any, as 
to any action to be taken in the Patent and Trademark Office 
regarding this application without direct communication 
between the U.S. attomey or agent and the undersigned. In 
the event of a change in the persons from whom instmctions 
may be taken, the U.S. attomey or agent named herein will be 
so notified by the undersigned. 
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VERTRETUNGSVOLLMACHT: Als benannter Erfinder 
beauf-trage ich hiermit den sich mit der Kundennummer 
befassenden Patentanwalt (Patentanwalte) und/oder 
Patent- Agenten mit der Verfolgung der vorliegenden Paten- 
tanmeldung sowie mit der Abwicklung aller damit verbundenen 
Geschafte vor dem Patent-und Warenzeichenamt und weise an, dass 
alle Korrespondenz mit dieser Kundennummer addressiert wird. 



POWER OF ATTORNEY: As a named inventor, I hereby 
appoint the attomey(s) and/or agent(s) associated with the 
Customer Number provided below to prosecute this appHcation 
and transact all business in the Patent and Trademark Office 
connected therewith, and direct that all correspondence be 
addressed to that Customer Number: 



KUNDENNUMMER 7055 



Die emannten Patenanwalte sind zur Zeit: 



Neil F. Greenblum 
Bruce H. Bernstein 
Amold Turk 
James L. Rowland 



Reg. No. 28,394 
Reg. No. 29,027 
Reg. No. 33,094 
Reg. No. 32,674 



CUSTOMER NUMBER 7055 



The appointed attorneys presently include: 



Stephen M. Roylance 
Leslie J. Papemer 
William Pieprz 
William E. Lyddane 



Reg. No. 31,296 
Reg. No. 33,329 
Reg. No. 33,630 
Reg. No. 41,568 



Address: Greenblum & Bernstein, P.L.C. 

1941 Roland Clarke Place 
Reston,VA 20191 



Tejlfongesprache bitte richten an: Direct Telephone Calls to: 



Greenblum & Bernstein, P.L.C. 

(703)716-1191 



■ i vv/iU 

V6r-ur d Nachname des einzigen oder ersten Erfmders: 

FrdrftL^HMANN 


Full name of sole or first inventor 
Frank LEHM ANN 


Ui|tf rschrift des Erfinjl^^^ Datum 


Inventor's signature Date 


Wlnsitz -^0 ^ ^ 
Dresden, DEUTSCHLAND ^ 


Residence 
Dresden, GERMANY 


Staatsangehorigkeit 
DEUTSCHLAND 


Citizenship 
GERMANY 


Pbstanschrift 

Gorlitzer Strasse 37, D-01099 Dresden, DEUTSCHLAND 


Post Office Address 

Gorlitzer Strasse 37, D-01099 Dresden, GERMANY 


Vor-und Nachname des zweiten Miterfmders (falls zutreffend) 
Michaela GEDAN-SMOLKA 


Full name of second joint inventor, if any 
Michaela GEDAN-SMOLKA 


Unterschrift des zweiten Erfmders Datum 


Second Inventor's Signature Date 


Wohnsitz / j X 
Ortrand, DEUTSCHLAND ^/ ^ 


Residence 
Ortrand, GERMANY 


/ 

Staatsangehorigkeit 
DEUTSCHLAND 


Citizenship 
GERMANY 


Postanschrift 

-Ponikaurc Strasse 1, D-01990 Ortrand, DEUTSCHLAND 


Post Office Address 

Ponikaure Strasse 1, D-01990 Ortrand, GERMANY 


(Bitte entsprechende Informationen und Unterschriflen im Falle 
von dritten und weiteren Miterfindem angeben). 


(Supply similar information and signature for third and 
subsequent joint inventors). 
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Vor-und Nachname iles dritten^/iterfmders: 
Dieter LEHMANN // 


Full name of third inventor, if any 
Dieter LEHMANN 


UnterscMrades dritten Emrmers Datum 


Third Inventor's signature Date 


Wohnsitz / ]/) ^ )( 
Coswig, DEUTSCHLAJTO f y 


Residence 

Coswig, GERMANY 


Staatsangehorigkeit 
DEUTSCHLAND 


Citizenship 
GERMANY 


Postanschrift 

Elsa-Brandstom-Weg 7, D-0 1646 Coswig, DEUTSCHLAND 


Post Office Address 
Elsa-Brandstom-Weg 7, D-0 1646 Coswig, GERMANY 


Vor-und Nachname des vierten Miterfmders (falls zutreffend) 


Full name of fourth inventor, if any 


Unterschrift des vierten Erfinders Datum 


Fourth Inventor's Signature Date 


Wiflnsit^ 


Residence 


Staatsangehorigkeit 


Citizenship 


Postanschrift 


Post Office Address 


Vdr-^d Nachname des funften Miterfinders (falls zutreffend) 


Full name of fifth inventor, if any 


UMerschrift des funften Erfmders Datum 


Fifth Inventor's Signature Date 


W|)fesit2 


Residence 


Staatsangehorigkeit 


Citizenship 


Postanschrift 


Post Office Address 


Vor-und Nachname des sechsten Miterfinders (falls zutreffend) 


Full name of sixth inventor, if any 


Unterschrift des sechsten Erfmders Datum 


Sixth Inventor's signature Date 


Wohnsitz 


Residence 


Staatsangerhorigkeit 


Citizenship 


Postanschrift 


Post Office Address 


(Bitte entsprechende Informationen und Unterschriften im Falle 
von dritten und weiteren Miterfmdem angeben). 


(Supply similar information and signature for seventh and 
subsequent joint inventors). 



